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ABSTRACT
Debris discs are often modelled assuming compact dust grains, but more and more evidence
for the presence of porous grains is found. We aim at quantifying the systematic errors in-
troduced when modelling debris discs composed of porous dust with a disc model assuming
spherical, compact grains. We calculate the optical dust properties derived via the fast, but
simple effective medium theory. The theoretical lower boundary of the size distribution – the
so-called ’blowout size’ – is compared in the cases of compact and porous grains. Finally,
we simulate observations of hypothetical debris discs with different porosities and feed them
into a fitting procedure using only compact grains. The deviations of the results for compact
grains from the original model based on porous grains are analysed. We find that the blowout
size increases with increasing grain porosity up to a factor of two. An analytical approxima-
tion function for the blowout size as a function of porosity and stellar luminosity is derived.
The analysis of the geometrical disc set-up, when constrained by radial profiles, are barely
affected by the porosity. However, the determined minimum grain size and the slope of the
grain size distribution derived using compact grains are significantly overestimated. Thus, the
unexpectedly high ratio of minimum grain size to blowout size found by previous studies us-
ing compact grains can be partially described by dust grain porosity, although the effect is not
strong enough to completely explain the trend.
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1 INTRODUCTION
In the analysis of debris disc observations dust grains are often
considered as homogeneous, compact spheres (Ertel et al. 2012,
2014; Schüppler et al. 2014; Marshall et al. 2014; Pawellek et al.
2014; Kral et al. 2015), although it is expected that dust particles in
circumstellar discs are neither compact, homogeneous nor spher-
ical but possess complex, irregular shapes and inclusions of var-
ious materials and voids (Dominik & Tielens 1997; Blum et al.
2000; Krügel 2003; Ormel et al. 2008). In addition, recent stud-
ies with high-contrast, high-resolution polarimetric imaging with
VLT/NaCo, VLT/SPHERE and Gemini/GPI also show that the mea-
sured data cannot be reproduced by compact, spherical dust grains
(Milli et al. 2015), because these grain irregularities have various
implications on the optical properties of the dust, such as on its ab-
sorption and scattering cross sections, and its ability to emit and
scatter polarized light, and, hence, on the resulting appearance of
a debris disc (Min et al. 2012). Besides the optical properties of
the dust, the appearance depends on its spatial distribution. Usu-
ally, only very weak constraints on the dust grain properties can be
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derived directly, i.e. independently from the underlying disc model.
Hence, the dust model is mostly chosen to be as simple as possible.
Besides, this approach is much less computationally expensive than
modelling under the assumption of more complex shapes and/or
compositions. However, the influence of these assumptions on the
model results needs to be investigated.
In many previous studies, authors studied the influence of
porous, or fluffy, grains on the interstellar extinction, absorption
and scattering efficiencies, dust temperature, opacity, or the shape
and position of infrared bands. It was found that these properties
can in principle be used to distinguish between compact and porous
grains in protoplanetary discs as well as in debris discs (Voshchin-
nikov et al. 2006, 2007; Min et al. 2008; Kataoka et al. 2014;
Kirchschlager & Wolf 2013, 2014). However, only a few debris
disc modelling studies exist to date in which porous dust is used
(Augereau et al. 1999a,b; Li & Lunine 2003; Churcher et al. 2011;
Acke et al. 2012; Lebreton et al. 2012; Donaldson et al. 2013; Seok
& Li 2015). Although the results are promising, the effect of poros-
ity on the derived disc parameters has not been investigated yet.
Moreover, porosity influences the physical behaviour, and
hence the orbit of the particles as well. In an optically thin disc,
the radiation pressure force can be large enough to expel very
© 2016 The Authors
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small grains (Burns et al. 1979). The critical grain size is called
’blowout size’ and is expected to be the lower limit of the grain
size distribution. However, many attempts to fit observations of de-
bris discs suggest a minimum grain size larger than the expected
blowout size by a factor of 5 – 10 (Roccatagliata et al. 2009; Er-
tel et al. 2011; Löhne et al. 2012), whereas collision theory is able
to explain only a factor of 2 – 3 (Krivov et al. 2006; Thébault &
Augereau 2007; Thébault & Wu 2008). In Pawellek et al. (2014),
the authors analysed 34 Herschel-resolved debris discs and found
that the minimum grain size in their best-fitting models are up to ten
times larger than expected for stars with a luminosity comparable
to the sun. They also found that the deviation of the minimum grain
size from the blowout limit decreases for increasing luminosity. In
a subsequent study, Pawellek & Krivov (2015) found that this trend
is robust against different grain compositions and a simple porosity
model.
In this study, we quantify the influence of porous dust grains
on the analysis of observations in the case of optically thin debris
discs. In Sect. 2, our porous dust model is described. Sect. 3 shows
the blowout size as a function of grain porosity and stellar luminos-
ity, as well as the deviations from commonly used approximations.
The last and major part of this article concerns the systematic error
introduced during disc modelling under the assumption of compact
dust grains in Sect. 4. Thus, we show whether porosity introduces
differences in the resulting disc parameter values and how strong
these differences are.
2 POROSITY AND OPTICAL DUST PROPERTIES
2.1 Porosity model
In this study, we assume that the dust grains have a spherical shape
with radius s and are purely composed of astronomical silicate (as-
trosil), with a bulk density of %0 = 3.5 g cm−3 (Draine 2003a). The
optical data are taken from Draine (2003b,c). With Vdust, Vvacuum
and Vtotal denoting the volumes taken up by the dust grains and
voids and the total volume of the sphere, respectively, the porosity
of these grains is defined as follows:
P = 1 − Vdust
Vtotal
=
Vvacuum
Vtotal
, (1)
where P = 0 corresponds to a compact, spherical grain composed
of astrosil and P = 1 to pure vacuum. The mass of a particle with
radius s is thus
m =
4
3
pis3 %0 (1 − P) .
We consider porosities between 0.0 and 0.9 in steps of 0.1 to inves-
tigate the influence on the observable appearance of debris discs.
2.2 Optical properties of porous grains
The well-known Mie theory (Mie 1908) is not valid for grains with
irregular shapes and inhomogeneities or inclusions. Thus, approx-
imations have to be used to calculate optical properties of porous
dust grains. The resulting properties and hence all further analysis
may depend on the used approximation method. A comparison be-
tween the two most commonly used methods, the simple but fast
effective mixing theory (EMT), and the more sophisticated discrete
dipole approximation (DDA; Purcell & Pennypacker 1973; Draine
1988) has been carried out by a large number of authors (Ossenkopf
1991; Voshchinnikov et al. 2005; Kirchschlager & Wolf 2013). The
optical properties obtained with the EMT are in good agreement
with that derived by DDA, and DDA is computationally very ex-
pensive, and thus not applicable for the huge parameter space we
were considering (see Table 1 in Sect. 4.1). Therefore, the compu-
tation of the absorption cross sections Cabs, scattering cross sec-
tions Csca, and the asymmetry factors g in this study are done using
the EMT. The refractive indices n and k of astrosil and vacuum
are mixed using the Bruggeman mixing rule (Bruggeman 1935) to
form an ’effective’ material that has the refractive indices of dust
with porosity P:
(1 − P) εastrosil − εeff
εastrosil + 2εeff
+ P εvacuum − εeff
εvacuum + 2εeff
= 0 (2)
with the complex permittivity ε = (n2 − k2) + i · (2nk), while
εastrosil, εvacuum and εeff denote the permittivity of the dust, voids,
and the resulting effective medium, respectively. In addition, the
refractive indices n and k of vacuum are equal to one and zero, re-
spectively, hence εvacuum ≡ 1. Afterwards, the optical cross sections
and the asymmetry factor g are calculated by the tool miex (Wolf &
Voshchinnikov 2004) using standard Mie theory.
3 BLOWOUT LIMIT
As mentioned in Sect. 1, the minimum grain size found in debris
discs is often larger than the value that is expected from theoreti-
cal studies, pointing either to poorly understood destruction mech-
anisms or to an incorrect treatment of the radiation pressure. In this
section, we calculate the influence of porosity on the radiation pres-
sure force on the particles and hence on the minimum grain size that
can be expected in the disc. Furthermore, we compare our results to
a widely used approximation equation (Eq. 5) for the blowout size.
Due to radiation pressure, the orbit of small particles differs
from those affected only by gravitation (Burns et al. 1979). Both,
radiation pressure force Frp and gravitational pull Fgrav are in direct
proportion to r−2. Thus, the ratio is independent of the distance to
the star and depends on the properties of the star and the dust only.
The so-called β-ratio is thus given by:
β :=
Frp
Fgrav
=
C?
s3%0 (1 − P)
∫ ∞
0
Crp(s,P, λ) · Bλ (Teff) dλ , (3)
with
C? =
3
4 c
R2?
GM?
,
where Crp = Cabs + Csca (1 − g) is the radiation pressure cross sec-
tion, c the speed of light, G the gravitational constant, Bλ the Planck
function, and R?, M?, Teff are the stellar radius, mass, and effec-
tive temperature, respectively (Burns et al. 1979; Köhler & Mann
2002; Kirchschlager & Wolf 2013). Contrary to the common no-
tation in the literature, we denote the radiation pressure cross sec-
tion with the index ’rp’ instead of ’pr’, as the latter can be easily
misinterpreted as a cross section related to the Poynting–Robertson
drag (Poynting 1904; Robertson 1937; Wyatt & Whipple 1950). To
calculate the stellar mass we use the common relation for main-
sequence stars M? ∝ L1/3.8? (Eddington 1924; Unsöld & Baschek
2013).
The equation of motion, taking the Newtonian law of gravity
and the radiation pressure into account, is hence
mr¨ = −G M?m (1 − β)
r2
. (4)
Eq. 4 results in unbound parabolic/hyperbolic orbits for dust grains
MNRAS 000, 1–8 (2016)
Porosity: Influence on debris disc analysis 3
0.1 0.2 0.3 0.4 0.5 0.6
s [µm]
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
β
-r
a
ti
o
P = 0.0
P = 0.1
P = 0.3
P = 0.5
P = 0.7
P = 0.9
0.1 1.0 10.00.3 3.0
s [µm]
1.0
10.0
0.2
0.5
2.0
5.0
20.0
β
-r
a
ti
o
P = 0.0
P = 0.1
P = 0.3
P = 0.5
P = 0.7
P = 0.9
Figure 1. Ratio of radiation pressure and gravitation β for two different
spectral types.
Top: Solar-type star with Teff = 5770 K and L? = 1 L; Bottom:
Fomalhaut-like star with Teff = 8195 K and L? = 15.5 L. Different
colours indicate different grain porosities P. Indicated by the black, hori-
zontal line is the blowout limit βblow = 0.5.
with β ≥ 1. The smallest grains in debris discs are produced either
by collision of two larger grains or by ejection from a large par-
ent body, e.g. a comet. Due to the higher velocities of their parent
bodies, the newly born particles can have unbound orbits although
they have a β-value less than one. The value of this blowout limit
has been derived by Burns et al. (1979) to be βblow = 0.5 assuming
circular orbits of the parent body. The corresponding grain size is
called blowout size sblow and determines, in first-order approxima-
tion, the smallest grain present in the debris disc.
In Fig. 1, the ratio of gravitational pull and radiation pressure
β is plotted for two different stellar types, a solar-type star (spectral
type G2V) in the upper panel and a Fomalhaut-like star (spectral
type A3V) in the lower panel. For larger grains, β is higher if the
porosity is higher. This is due to the factor (1−P)−1 in Eq. 3. How-
ever, for smaller grains, i.e. grains with sizes comparable to the
wavelength of maximum stellar emission, the radiation pressure
cross section Crp decreases for larger porosities and thus β drops
to smaller values. For cooler stars, this results in an increasing
blowout size for small porosities and decreasing blowout size for
higher porosities. In the case of the solar-type star, the maximum
blowout size is sblow ≈ 0.48 µm for a porosity of about P = 0.2.
If the porosities are larger than 0.5, the blowout limit does not ex-
ist, i.e. β < 0.5 for all radii. For hotter stars, sblow is monotonically
increasing with increasing porosity.
We compare sblow obtained from Eq. 3 with the commonly
used approximation (Burns et al. 1979; Artymowicz 1988; Deller
& Maddison 2005; Hahn 2010; Pawellek et al. 2014; Veras et al.
2015)
sblow
1 µm
= 0.33
(
3.5 g cm−3
%
) (
L?
L
) (
M?
M
)−1
, (5)
where the radiation pressure coefficient Qrp = Crp/pis2 ≡ 1 for all
wavelengths and grain sizes, rejecting all information about the
wavelength dependence of the optical dust properties. To calculate
the blowout size, we use the stellar properties of main-sequence
stars with luminosities ranging from 0.012 L to 73.8 L, which
are taken from table 2 in Pawellek et al. (2014). In Fig. 2, the
blowout size as a function of stellar luminosity L? is shown. The
blowout sizes obtained from Eq. 5 (in Fig. 2 refered to as ’Qrp ≡ 1’)
clearly underestimate the blowout size for compact grains for al-
most all luminosities. For a luminosity of L? ≈ L, it is only 72
per cent of the value obtained with Eq. 3. However, for the bright-
est stars considered the deviation between blowout size and ap-
proximation diminishes to less than 2 per cent. Furthermore, it be-
comes clear that the slope of the approximation is systematically
too high if compared to the more strict definition of Eq. 3 for com-
pact grains. The inset in Fig. 2 shows the blowout size corrected for
different grain densities, i.e. the factor (1−P)−1 in Eq. 3 is not con-
sidered. Therefore, the visible deviations for different porosities are
due to variations of Crp only. Especially for low luminosities, the
deviations can exceed 200 per cent. For the highest luminosities,
the wavelength of maximum stellar emission is much smaller than
the grain size, and thus we reach the limit of geometrical optics
where Qabs is close or equal to one for all porosities.
To provide a simple parametrization of the blowout size as
a function of stellar luminosity and dust grain porosity, we fit the
power law sblow = a · Lb? with a and b as fit parameters to the results
of Eq. 3. Please note, that the fit was done for L? & 5 L and
P ≤ 0.5 only, because for lower luminosities or higher porosities
the results do not suggest a simple power law; see Fig. 2. Further,
we find that the results for a and b can be written as a function
of porosity. Thus, the blowout size sblow of porous grains can be
analytically expressed as
sblow
1 µm
=
(
3.5 g cm−3
%
)
a1 (1 − P)b1 ·
(
L?
L
)a2 (1−P)b2
(6)
with
a1 = 0.414 ± 0.004 ,
b1 = −0.508 ± 0.025 ,
a2 = 0.685 ± 0.002 ,
b2 = −0.168 ± 0.008 .
The blowout sizes calculated with Eq. 6 are marked with crosses in
Fig. 2 and are in good agreement with the results calculated with
Eq. 3 for L? & 5 L and P . 0.6. For porosities larger than ≈ 0.6,
this equation does not reproduce the numerical value from Eq. 3.
Please note, that the values of ai and bi are obtained for astrosil
only, and may be different for other dust compositions. Further-
more, the blowout limit βblow = 0.5 is only valid for dust grains that
were ejected from a parent body on a circular orbit. For eccentric
orbits, the blowout limit may be smaller or larger, depending on the
true anomaly at the time of particle ejection (Burns et al. 1979).
In Eq. 3, we use the Planck function as an approximation of
the real stellar radiation. We investigate the deviations introduced
by this assumption by calculating sblow for a solar-type (Teff =
MNRAS 000, 1–8 (2016)
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Figure 2. Blowout size sblow calculated via Eq. 3 as a function of stellar
luminosity. Different colours indicate different grain porosities P. For com-
parison, the dashed, grey line shows sblow obtained from the approximation
Eq. 5. Additionally, crosses mark the blowout sizes that are obtained with
the analytical expression Eq. 6.
Inset: The blowout size corrected for the different grain densities, i.e. the
factor (1 − P)−1 in Eq. 3 is not considered. See text for further explanation.
5800 K, log g = 4.5, [Fe/H] = 0.0) and a Vega-like (Teff = 9600 K,
log g = 4.0, [Fe/H] = −0.5) star with synthetic stellar spectra from
the Göttingen Spectral Library (Husser et al. 2013). We find that the
resulting blowout sizes differ by less than 2 per cent from the re-
sults with black bodies for all porosities. Hence, the approximation
of stars as perfect emitters is justified. In the case of a solar-type
star and a porosity of P = 0.5, no blowout size exist for the syn-
thetic spectrum because the β-value is always lower than 0.5, due
to the lack of radiation of the solar spectrum at the wavelengths
of maximum black-body emission. For even larger porosities, no
blowout size exist even for the black body assumption.
4 IMPLICATIONS ON THE DEBRIS DISC ANALYSIS
To fit and interpret the physical parameters of a debris disc from ob-
servations, one must apply several assumptions about the shape and
composition of the dust particles. In the simplest case dust grains
are approximated as compact spheres composed of a single mate-
rial, e.g. astrosil; see Sect. 1. However, if the disc is made of porous
instead of compact grains, the derived best-fit parameter values do
most likely differ from the real ones. In this section, we show how
large the deviations from the true parameter values of porous dust
are, when we assume compact grains in the analysis of selected
observational data. For this purpose we perform the following pro-
cedure:
(i) Calculating the re-emission SED and images of an analytical
dust distribution for different porosities P,
(ii) Convolution of the images with a circular Gaussian to mimic
a real observation; Extraction of radial profiles; Superposition of
artificial uncertainties (noise),
(iii) Fitting the SED and profiles with a debris disc fitting soft-
ware assuming compact dust grains, i.e. P ≡ 0.0,
(iv) Comparison of the fit results of the different porosities with
the known, true values, which were used in (i).
Because of the limited parameter space considered, e.g. dust com-
position and porosity models, this approach is not suitable to pro-
vide comprehensive, qualitative statements. However, the goal is
to identify general trends of the impact of porous dust grains on
the observables of debris discs and the resulting deviations on their
interpretation.
The first two steps as well as the disc set-up are discribed in
Sect. 4.1, the third step in Sect. 4.2, and the results are discussed in
Sect. 4.3.
4.1 Disc set-up and simulated observations
The disc has a typical spread from 40 au to 200 au and the vol-
ume density distribution follows a power law, r−α with α = 1. The
grain sizes are in the range of 3.7 µm and 1 mm with a grain size
distribution of n(s) ∝ s−q, where n·ds is the number of particles
in the radius intervall [s, s + ds]. The power law index q is set to
3.5, which is the theoretical value for a collisionally dominated de-
bris disc (Dohnanyi 1969). Due to this steep size distribution, the
appearance of the disc is mainly dominated by the smallest grains,
and thus the value of smax = 1 mm has a negligible impact and
is an often used upper boundary in debris disc analyses (Löhne
et al. 2012; Pawellek et al. 2014; Rodigas et al. 2015). The mini-
mum grain size was chosen to be in the mid-range of the calculated
blowout sizes. This set-up is used for ten different porosities rang-
ing between P = 0.0 (compact grains) and P = 0.9 in steps of 0.1.
In the second column of Table 1 the considered disc and dust set-
up is listed. The used stellar properties are shown in Table 2. The
system has a distance of 8 pc, which is comparable to the distance
of the two famous, debris disc hosting stars Fomalhaut and Vega
(Perryman et al. 1997).
We calculate the SED at six wavelengths, logarithmically
spaced from 10 µm to 2 mm. Additionally, images are calculated
for wavelengths of 70 µm and 160 µm, the wavelengths where the
Herschel/PACS instrument was sensitive to (Poglitsch et al. 2010).
These calculations are done with the debris tool (Ertel et al. 2011;
Ertel 2012).
Subsequently, the images are convolved with a circular 2-D
Gaussian with a FWHM equal to the resolution of a telescope with
an aperture of 3.5 m, e.g. the Herschel Space Observatory (Pilbratt
et al. 2010). From these convolved images radial brightness pro-
files are extracted. These profiles and SED are considered as our
simulated observations of discs made of porous grains. We also in-
troduce artificial uncertainties, which are set to 10 per cent of the
’measured’ data of SED and radial profile.
4.2 SED and profile fit
In the second step, we use the tool SAnD (Ertel 2012; Ertel et al.
2012; Löhne et al. 2012; Ertel et al. 2014; Marshall et al. 2014),
which makes use of the simulated annealing approach to fit SED
and radial profiles, and the chi-squared distribution to evaluate each
step of the fit process. Note, that from this point on we always use
the optical properties of compact astrosil, i.e. P = 0.0, to fit the
simulated observations. Thus, similar to the often applied approach
to fit observational data of debris discs, we use a dust model that is
wrong but easier to calculate.
The parameter space can be found in the three rightmost
columns of Table 1. Stellar temperature and luminosity, inclination,
porosity and maximum grain size are fixed as shown in the table. As
the fluxes are in direct proportion to the dust mass for optically thin
discs, the latter is determined by scaling the calculated SED to the
observations. The inner and outer radius Rin and Rout, respectively,
MNRAS 000, 1–8 (2016)
Porosity: Influence on debris disc analysis 5
Table 1. Debris disc parameters.
Disc parameter Sim. observation SAnD
Min. Max. n
Mdust [M] 10−6 scaled to fit SED best 1
Rin [au] 40 5 60 2158
Rout [au] 200 100 500 1398
α 1 -1 3 80
smin [µm] 3.73 0.1 10 403
smax [µm] 1000 1000 1000 1
q 3.5 2 5 150
Inclination i [◦] 0 0 0 1
Porosity P 0.0 – 0.9 0.0 0.0 1
Table 2. Stellar properties of our sample. All values are taken from table 2
in Pawellek et al. (2014).
L?/L Teff/K M/M
0.012 3498 0.31
0.062 3600 0.48
0.41 5166 0.79
1.16 5930 1.04
1.52 6155 1.12
3.44 6590 1.38
4.87 6950 1.52
7.04 7530 1.67
10.3 7575 1.85
11.7 8710 1.91
13.2 8490 1.97
15.5 8195 2.06
16.0 9000 2.07
24.9 10000 2.33
26.0 9020 2.36
31.3 9200 2.47
51.8 9530 2.83
58.2 9130 2.91
the radial density profile α, the minimum grain size smin as well as
the slope of the grain size distribution q are the free fit parameters.
The fit procedure stops, if a given chi-squared value is reached and
no further improvement could be found after a certain number of
runs.
For every porosity and star, we run the fit routine with five
different starting points of the Markov chain. The results of these
five runs are averaged in terms of the arithmetic mean to minimize
the intrinsic, statistical uncertainty of a single fit process.
4.3 Results
All results shown here are averaged over the five different fit runs
of each disc; see end of Sect. 4.2. Furthermore, the results for the
input data with P = 0.0 are used as a reference for all other results,
as in this case the dust properties are identical for the simulated ob-
servations and the fit routine. Thus, in the following, we consider
the ratio of the obtained parameter values of each run to the results
of this special case. This has the advantage, that all variations from
the input values occur as deviations from 1 and are completely due
to the porosity and not to the fit process itself, as even with the same
dust properties, the results of the fit can differ by a few percent from
the input parameters because of the nature of the simulated anneal-
ing. The relative standard deviations of the reference case are less
than 0.5 per cent for q, α, Rout and Mdust, and less than 3.2 per cent
for smin and Rin. These uncertainties are much less than the typical
errors of best-fit models of real observational data due to measure-
ment uncertainties and ambiguities. In the following, all uncertain-
ties mentioned are absolute uncertainties of the normalized values.
In Fig. 3, we show the normalized (to the compact case) mean
value of the fit results as a function of stellar luminosity. Thus, val-
ues smaller than one correspond to an underestimation of the pa-
rameter and a value larger than one to an overestimation compared
to non-porous grains. In the following, we will discuss the results
for every parameter, separately.
Inner radius Rin (Fig. 3, upper left): The inner radius shows no
obvious trend with luminosity, but a minor trend with porosity. A
more porous composition leads to a smaller inner radius, down to
90 per cent of the original value. However, the scatter is very large,
as well as the uncertainties. The inner rim is not well determined
with uncertainties ranging between 1 per cent and 8 per cent con-
stantly for all porosities. This signifies, that this trend is unreliable,
as the uncertainties are in the order of the maximum deviation.
Radial density profile (exponent α) (Fig. 3, upper right): Although
the uncertainties for P ≥ 0.3 are as high as for the inner radius, the
trend with porosity is much more obvious. Moreover, for smaller
porosities α is very well determined, i.e. all five fit runs for each
star result in the same value and hence no statistical uncertainty
can be derived.
Minimum grain size smin (Fig. 3, lower left): This plot clearly shows
a dependency on both the stellar luminosity and the dust grain
porosity. At first, the deviations increase with increasing porosity
but then decrease again for P & 0.5. For larger luminosities, the
normalized smin decreases for all porosities. The minimum grain
size is overestimated by a factor of more than two for stars WITH
L? <∼ 1 L. Fig. 4 is a zoomed-in version of this plot for the brighter
stars. The luminosity dependency is still visible and best seen for
large porosities. The uncertainties are less than 5 per cent in most
cases for stellar luminosities of <∼ 1 L. However, for the dimmest
star in our sample the uncertainties reach values of up to 15 per
cent.
Slope of grain size distribution q (Fig. 3, lower right): Here, the
porosity has the most obvious effect on the fit results. For all lumi-
nosities and porosities, the size distribution slope is overestimated,
i.e. larger than the correct value of 3.5. The slope is increasing with
increasing porosity, up to more than 40 per cent above the original
value, but no trend can be seen for stellar luminosity, although q is
slightly higher for the two dimmest stars with L? < 0.1 L. The
uncertainties are less than 1 per cent almost all runs.
Dust mass Mdust (Fig. 5): The deviations from the input value in-
crease for increasing porosities, up to an overestimation of 20 per
cent and an underestimation of more than 30 per cent for P = 0.9.
The porosity dependence is clearly visible. The mass was overes-
timated for dim stars and underestimated for stars with L? >∼ 1 L.
MNRAS 000, 1–8 (2016)
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In all cases, the uncertainties are very low, in the range of 1 – 2 per
cent.
Outer radius Rout: Because of the small FWHM of the Gaussian
and the large outer radius, the latter can be determined with high
accuracy from the radial profiles. Thus, nearly all runs result in the
correct input value, i.e. all data points are equal to one or differ
by less than 1 per cent with uncertainties of less than 0.7 per cent.
Because of this, we omit a corresponding plot, as this would give
no further information.
The spatial dust distribution is well-determined, which is due
to the high resolution of our re-emission images, as mentioned
above. This has the advantage, that existent ambiguities, such as
the connection between inner radius and minimum grain size, are
resolved, and trends are due to porosity only. However, this spatial
resolution is not yet achieved for most of the known debris discs,
especially for those that are farther away. Therefore, these results
are only valid for well-resolved discs.
5 CONCLUSION
We investigated the influence of porosity on the theoretical blowout
size and on the analysis of debris disc observations. We were able
to derive an analytical expression for the blowout size sblow as a
function of stellar luminosity and porosity for grains composed of
astrosil. We found that the commonly used approximation results
in a systematically underestimated blowout size and a slope that is
too steep compared to a more detailed description in the case of
compact particles. Thus, this approximation introduced by Burns
et al. (1979) should be discarded and replaced with the equaly sim-
ple, but more accurate Eq. 6. This equation is of course only valid
for astronomical silicate, spherical particles and porosities that are
low enough (P . 0.6). Furthermore, we find that for high porosi-
ties the blowout size increases by a factor of 5 for high luminosities
(L? ≈ 50 L) and by a factor of 1.4 for low stellar luminosities
(L? ≈ 1 L) and medium porosities (P = 0.4). The higher the
porosities, the lower the β-ratio. Thus, small particles can survive
even around luminous stars, where compact particles with the same
size would be expelled by the radiation pressure.
In the second part, we showed that the analysis of the geomet-
rical structure of a debris disc is barely affected by porous grains.
As this information is mostly derived from the well-resolved radial
brightness profiles, this result fulfills the expectations, especially
for the outer radius. However, the grain size distribution and the
minimum grain size show a dependency on porosity. A fit process
that does not consider fluffy grains overestimates the slope q of the
grain size distribution by up to 40 per cent and smin by up to 230
per cent for very dim stars and underestimates smin by a factor of up
to 0.4 for luminosities L? ≥ 1L and porosities P ≈ 0.9. Thus, the
actual minimum grain size can be smaller or larger than the value
derived from the analysis, depending on luminosity and porosity.
Besides, the extent of these deviations can exceed the typical best-
fit uncertainties of debris disc modelling (Löhne et al. 2012).
Pawellek et al. (2014) stated that the ratio of minimum grain
size to blowout size is very high (≈ 10) for solar-type stars and de-
creases with increasing luminosity, reaching unity for L? ≈ 50 L.
In this study, we showed that neglecting porosity will change both
quantities in such a way that this ratio can be significantly de-
creased by a factor of 2 – 4. Thus, the influence of porosity is not
large enough to explain why the minimum grain size is so much
higher than expected, although it moderates the trend. Thus, other
effects with influence on the ratio, such as the imbalance of dust
destruction and production rates (Thébault & Wu 2008), different
compositions (Pawellek & Krivov 2015), and the surface energy
constraint during collisional dust production (Pawellek & Krivov
2015; Thébault 2016), need to be considered, too.
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